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A B S T R A C T
Bismuth oxybromide (BiOBr) is a novel visible light photocatalyst and when combined with multiwalled carbon
nanotubes (CNT), it could lead to low electron/hole recombination rates, thus enhancing its photocatalytic ac-
tivity. In this work, hierarchal BiOBr and BiOBr/CNT composites were successfully synthesized via hydrothermal
method. The samples prepared were characterized for structural, morphological and optical properties via XRD,
SEM, TEM and DRS. The influence of carbon nanotubes on various properties of BiOBr were studied and cor-
related. The impact of synthesis parameters (time and temperature) on structural properties was also studied.
The photocatalytic degradation of phenol as model pollutant was carried out under visible light source to de-
termine its photocatalytic activity. It was found that the presence of CNTs induced a growth in the crystallite
size of the particles, which somewhat lowered the photocatalytic activity. As the CNT content increased in the
sample so does the activity , due to the CNTs' visible light absorption capacity. Furthermore, a crystal orientation
changes (crystallographic plane of (003)) were induced by varying several parameters, which were found to be
influencing the activity as well, while the formation of Bi6O6(OH)3(NO3)3·1.5H2O was also observed. Its presence
enhanced the photocatalytic activity but induced an instability problem.
1. Introduction
Environmental contamination of air, water and land has resulted
from many human activities [1–4]. The conventional methods for re-
mediation such as adsorption with active coal and filtration are use-
ful, but inadequate for some of the more challenging persistent cont-
aminants like organic pollutants such as phenols, dyes and pesticides.
[5–7]. For example, physico-chemical processes like coagulation and
flocculation, when applied to different chemical agents (chlorides of
aluminum or iron, or polyelectrolytes etc.), leads to the generation of
sludge [8]. Photocatalysis is considered the most promising, effective,
and “greener” technique [9–11] for eliminating toxic and recalcitrant
organic pollutants from the environment by complete mineralization of
such pollutants under mild conditions [12–14]. Other applications of
photocatalysis include production of hydrogen by electrochemical wa-
ter splitting [15], reduction of CO2 into organic substances [16,17], ni
trogen fixation, sterilization [18,19], self-cleaning glasses [20–23] and
heavy metal removal from water [14,24–26]. The traditionally used
semiconductor photocatalyst, titanium dioxide (TiO2) [23], although an
affective photocatalyst, is only able to take advantage of ultraviolet light
which comprises of 4% of total solar energy due to its wide band-gap
(3.2eV for anatase) [11,27–29]. This limits its practical application
[20,30]. Visible light driven photocatalysts should be developed which
would be able to make use of the rest of 43% of visible region in the
solar spectrum [31,32].
Several classes of visible light photocatalyst are being investigated
and modified [17,30,33–37], but bismuth oxyhalides, (BiOX, X=Cl,
Br, I), due to their unique layered structure [38,39], suitable band
gap values, and stability [40,41] has shown promising visible light re-
sponse [28,42]. They have relative stability under UV/visible light ir-
radiation, show visible light active response and superior performance
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compared to Evonik Aeroxide P25 (titania) under UV irradiation
[31,43].
BiOBr is now widely used as photocatalysts in degrading pollutants
including dyes such as (Methyl Orange, Rhodamine B, Methylene Blue,
etc.) [12,44,45], phenols [46], some phenolic compounds [3], and for
some pesticides [47]. These are among the best choices when it comes
to visible light photocatalytic activity due to its high photocorrosion
stability and high photoactivity [48], its good chemical stability and
non-toxicity [49], and the low probability of charge carrier recombina-
tion [50]. Despite these advantages, the overall photocatalytic efficiency
of BiOBr is still low for practical applications [49,51].
Two major challenges for many photocatalysts, including BiOBr, are
the prevention of recombination of electrons and holes [52], and effi-
cient harvesting of solar energy [53], both of which drastically affect
the photocatalytic activity. One way to remediate these problems is by
doping or preparing composites materials. For example, boron doped
BiOBr nanosheets were shown to inactivate E. coli K-12 using fluores-
cence tubes as visible light source [54]. In another report, BiOBr was
combined with other semiconductors (such as CeO2, WO3, CaFe2O4) to
form heterojunctions [17]. There are also reports of modifying prop-
erties by using of carbon/carbon-based materials such as graphene or
graphene oxide [17,55], and carbon nanotubes. Due to their unique
electrical and high mechanical properties, CNTs can serve best in com-
bination with different photocatalysts, especially bismuth-based ones
[56]. Hence, these are now considered as one of the promising materi-
als in environmental cleaning. Other successful tuning of BiOBr's proper-
ties has also been reported [41,53,57–61]. In particular, TiO2/MWCNT
composite was able to degrade oxalic acid and phenol [62]. Similarly,
there are other reports which have marked the excellence of MWCNTs
in the field of photocatalysis [56,63–66]. Therefore, it is plausible that
MWCNTs could also be paired with BiOBr to study their role in degrad-
ing pollutants such as phenol effectively.
In all the references quoted above, only the theoretical aspect of car-
bon nanotubes have been mentioned and is attributed to its electron
storage ability, thus acting as a charge separation material. This, in the
end, is reported as one of the causes of enhanced photocatalytic activity
of the photocatalyst. On the other hand, there are still voids in the ar-
eas of semiconductors grown on carbon nanotubes and how its growth
on CNTs influences the physical, chemical and optical properties of the
photocatalysts. This is the field which is still undiscovered and has a lot
to research about. The answers to such questions related to carbon nan-
otubes as crystallization support and their impact on morpho-structural
changes of the composites are yet to find.
In this work, we have synthesized BiOBr/MWCNT composites via hy-
drothermal synthesis at two different time and temperature conditions.
We have investigated the influence of MWCNT together with synthesis
parameters on structural and optical properties (such as crystal orienta-
tions, band gap and photocatalytic activity) of the BiOBr/MWCNT com-
posites.
2. Experimental
2.1. Materials
Bismuth nitrate pentahydrate [Bi (NO3)3·5H2O] purchased from
Sigma–Aldrich, 98.0%, glacial acetic acid, 100% purchased from Molar
Chemicals Kft. and potassium bromide [KBr], 99.0% purchased from Re-
anal, Phenol (VWR extra pure, 100%) was purchased from VWR. Deion-
ized water was used for the entire study. All the reagents were of ana-
lytical grade and used without further purification.
2.2. Sample preparation
2.2.1. Synthesis of BiOBr
For the synthesis of BiOBr, bismuth nitrate pentahydrate (1mM in
the final synthesis mixture, 3.0g) was dissolved in 3mL glacial acetic
acid with slight heating (40–45 °C) to decrease the dissolution time. This
solution was added to 25mL deionized water (marked as solution A)
and was stirred until it was well dispersed. For solution B, potassium
bromide (1mM in the final synthesis mixture, 0.78g) was dissolved in
25mL deionized water under magnetic stirring until it was completely
dissolved. Further, solution A was added to solution B dropwise and
the mixture was stirred for 20min to ensure completion of the reac-
tion. A yellow precipitate appeared which was transferred to a stain-
less-steel, Teflon lined autoclave and subsequently heated at two dif-
ferent time and temperature conditions (120 °C & 150 °C for 4:30h and
6:30h each.). It was then cooled down to room temperature (naturally)
and the product was collected and washed with ethanol and deionized
water three times each using centrifugation at 4400rpm for 5min. The
final product was dried at 60–80 °C in a vacuum furnace overnight.
2.2.2. Synthesis of BiOBr/MWCNT composite
BiOBr/MWCNTs composites were prepared in a similar manner, ex-
cept the MWCNTs were added to solution A prior mixing of the two so-
lutions (A and B). Therefore, after adding desired % content of MWCNTs
(0.5%, 1%, 2% - values in weight percentage), solution A was sonicated
for 2h, during which a black colored suspension was formed. This was
now solution A with MWCNTs, while solution B was prepared similarly
as mentioned before and the same procedure follows.
2.3. Characterization
The products were characterized by X-Ray diffraction (XRD) us-
ing a Rigaku Miniflex II diffractometer (2θ°=10–80°, λ
(CuKα)=0.15418nm) equipped with a graphite monochromator for the
analysis of the structural properties of the composites. The mean pri-
mary crystallite size was calculated using the Scherrer equation. N2 ad-
sorption-desorption measurements were carried out to measure the spe-
cific surface areas of the samples, according to the BET (Brunauer-Em-
mett-Teller) method. To examine the morphology of the composites,
Scanning Electron Microscopy (SEM) and Transmission Electron Mi-
croscopy (TEM) were used. For TEM measurements, a small amount of
sample was dispersed in ethanol with the aid of ultrasonication for about
10min followed by dropping small drops of the suspension onto a Cu
TEM grid (Electron Microscopy Sciences, CF200-Cu). The optical proper-
ties were analyzed using Diffuse Reflectance Spectroscopy (UV–vis-DRS)
JASCO-V650 with an integration sphere (ILV-724) (λ=300–800nm).
The indirect band-gap energy was calculated using the Kubelka-Munk
equation, while the first derivative spectrum (dR/dλ) was also obtained
and analyzed [67].
2.4. Photocatalytic measurements
The photocatalytic activity of the composites was measured by the
degradation of a phenol aqueous solution. A photoreactor system with
4×24W visible light lamps (irradiation time=4:00h) was used to
measure the photocatalytic activities under thermostatic (25 °C) con-
ditions using 1M sodium nitrite solution to eliminate any UV light,
which may alter the results. The photocatalyst suspension containing
the pollutant was continuously purged with air to keep the dissolved
oxygen concentration constant during the whole experiment. The ini-
tial concentration of phenol (C0) was 0.1mM and the amount of cata-
lyst loaded was 1.0g · L−1 with 130mL total volume of the suspension
(Vsusp). The suspension was treated by ultrasonication for 5min. After
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initial 30min of stirring in dark to ensure the establishment of adsorp-
tion-desorption equilibrium, the samples were withdrawn every 10min.
for the next 60min. and then every 20min. for the next 180min. The
samples collected were centrifuged for 3min. at 15000rpm and filtered
with Filtratech 0.25μm syringe filter. The decrease in concentration of
the model pollutant (phenol) and its primary degradation intermediates
were measured by HPLC (Merck-Hitachi L-7100) with a low-pressure
gradient pump, equipped with a Merck-Hitachi L-4250 UV–Vis detec-
tor and a Lichrospher Rp 18 column using a methanol/water (50:50v/
v) mixture as eluent and 210nm as the detection wavelength. The TOC
(total organic carbon) analysis was carried out using an Analytik Jena
multi N/C®3100 apparatus equipped with NDIR detector. The furnace
temperature was 800 °C and 1.0cm3 samples were injected. Three paral-
lel measurements were made in each case, while COD (chemical oxygen
demand) was measured using the well-known bichromate method.
3. Results and discussions
3.1. XRD and N2 adsorption measurements
Both pure BiOBr and composite samples showed the diffraction
peaks for pure BiOBr (tetragonal phase, JCPDS file number 09-0393)
[68] when analyzed by XRD (see Fig. 1). The characteristic peaks for
MWCNT were not visible due to their low content, such as the one at
2θ=26.1° [JCPDS 41-1487], the diffraction peak of MWCNTs overlap
with that of BiOBr. There were no observed shifts in the peak posi-
tions of composite samples, indicating that the lattice structure of BiOBr
did not change upon the addition of MWCNTs. Crystallite size increased
from 33.8nm to 60.9nm in the case of prolonged hydrothermal treat-
ment (from 4:30h to 6:30h) and from 33.75nm to 102.05nm in the
cases of increased hydrothermal temperature from 120 °C to 150 °C at
4:30h. This is consistent with other reports [31] as well. Fig. 1 shows
the diffractograms of composites prepared at 120 °C at 4:30h with dif-
ferent % MWCNTs.
Additional peaks were observed in nearly all the samples at 10.3,
21.4, 24.6 and 31.3 (2θ°) values, which were identified as
Bi6O6(OH)3(NO3)3·1.5H2O (JCPDS file number 53-1038). The appear-
ance of this product was rather surprising, but the reason which leads
to this compound is not known. As Bi(NO3)3·5H2O was the precursor it
can be imagined that the first hydrolytic step of the salt occurs by form-
ing this structure. Furthermore, it disappears (maximum content calcu-
lated was 8.23wt% - BiOBr+0%CNT@120_4:30) as the crystallinity de-
gree of the samples are increasing (e.g. with the increase of the carbon
nanotube content - visible also by the increased diffraction peak inten-
sity values in the presence of CNTs, or with the increase of the crystal-
lization time). Furthermore, it should be noted, that this material is con-
sidered as a photocatalyst [69] (see Fig. 2).
The BET calculated specific surface areas of the samples varied with
changes in hydrothermal synthesis parameters (time and temperature).
These measurements confirmed that all the samples have low surface
area in agreement with the higher crystallite size as calculated from XRD
data. The specific surface area ranges from 2.3m2/g to 7.3m2/g.
3.2. Morphology analysis
SEM was applied to verify the morphology of the samples. For all
the composites, microplate-like structure was obtained. MWCNTs in the
composites were found to be in close contact with the microplates (Fig.
3(c)) and from the investigated sample areas it seems that they were not
homogeneously distributed throughout the sample. Fig. 3 shows SEM
micrographs of the samples prepared at 150 °C and 4:30h. As in addition
to the BiOBr microplates, the surface of MWCNTs were covered with
the nanoparticles of photocatalyst (see Fig. 3(c)). Applying a prolonged
hydrothermal treatment, there was decrease in thickness of microplates
between 133 and 145nm in case of 150 °C at 4:30h and 6:30h, respec-
tively (from Fig. 3(a) and (b)) and between 55 and 78nm in case of
120 °C at 4:30h and 6:30h, respectively. This decrease in thickness may
be later correlated with the samples' orientation as well.
3.3. DRS measurements
The band gap energy (Eg) of the composites was reduced from 2.87
and 2.84eV to 2.41eV with increasing MWCNTs content. This may be
due to the light absorption capacity of MWCNTs that absorbs the avail-
able electromagnetic radiation (black color of MWCNTs), as the color
Fig. 1. X-ray diffractograms of BiOBr/MWCNTs composites with different % MWCNTs prepared at 120 °C @ 4:30h. Peaks are indexed to BiOBr tetragonal phase (JCPDS file number
09-0393), while Bi6O6(OH)3(NO3)3·1.5H2O also appeared.
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Fig. 2. X-ray diffractograms of BiOBr prepared at 120 °C (left) and 150 °C (right) @ 4:30 and 6:30h.
Fig. 3. SEM micrographs of BiOBr synthesized at 150 °C (a) 6:30h and (b) 4:30h (c) 0.5% CNT at 6:30h.
of the samples suggested. The band gap decrease also suggests the sep-
aration of charge carriers with low probability of recombination, al-
though a short-circuiting mechanism is also known for these composites.
Even though, a decrease in band-gap energy of the samples was found
using Kubelka-Munk Theory but through the first derivative, no shift in
the absorption spectrum was found which means that the decreased Eg
values reported, were not the actual band-gap values of the composites.
These represent somewhat misleading values of the band gap energy of
the composites but indicate the overall band-properties.
Further analyzing the band structure of the materials, the first deriv-
ative spectra of the samples were investigated. It was found that, in all
the cases two electro transition bands (Fig. 4) were observed in nearly
all the cases, one at 3.3eV (electron transition band located at 385nm)
and one at 2.9eV (electron transition band located at 422nm). The
band at 2.9eV belongs to BiOBr, but the second one was not expected.
However, in Section 3.1 it was found that Bi6O6(OH)3(NO3)3·1.5H2O
was present in the samples. The band gap value reported in the litera-
ture coincides with the second electron transition band identified here
at 3.3eV. Furthermore, this signal is omnipresent in all the samples
as Bi6O6(OH)3(NO3)3·1.5H2O is also present but in different amounts.
This shows, that this compound will partici
pate in the charge separation mechanism, during the photocatalytic ex-
periments.
3.4. Photocatalytic evaluation and its relationship with other parameters
Fig. 5 shows the photocatalytic degradation of phenol in presence
of different composites under visible light irradiation. Unlike composite
systems reported elsewhere [70], the samples without MWCNTs showed
the enhanced photocatalytic degradation of phenol as compared to the
composites containing different amount of MWCNTs. The trends as ex-
pected from the theoretical information and literatures mentioned pre-
viously, were not observed with the addition of MWCNTs even at low
concentration into BiOBr. Therefore, it can be affirmed that, one major
trend is clearly visible from Fig. 5, that increasing the MWCNT content
lowered the photoactivity, except in the case of the samples obtained at
150 °C (4:30), where no precise activity order can be defined.
Thus, it is clear here, that the MWCNTs do not contribute in trap-
ping the electrons and promoting charge separation among the pho-
tocatalyst in our case. All the samples without MWCNTs prepared at
120 °C and 150 °C showed the highest photocatalytic activity (Fig. 6)
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Fig. 4. First derivative DRS spectrum of sample BiOBr+0%CNT@120_4:30, showing two electron transition bands, which can be associated to the two products obtained from the
solvothermal synthesis.
Fig. 5. Trends in the degradation yield after 4h with respect to MWCNTs content and hydrothermal synthesis parameters (time and parameters).
for phenol under visible irradiation with 42% as degradation efficiency
for the sample synthesized at 120 °C at 4:30h.
To gain insights about the nature of the photoactivity of the samples
several correlations were made. The first one was the amount of MWC-
NTs discussed earlier. The second one could be the primary crystallite
size, a well-known parameter [71], which was deeply discussed in the
literature (e.g. for TiO2). Usually, with the crystallite size decrease an
activity increase was noticed, which is logical as the specific surface area
values were increasing as well. However, in the present case we must
deal with very low values (below 10m2/g). The photocatalytic degrada-
tion efficiencies showed also two types of dependencies:
• As expected, as the primary crystallite size was increasing (see Fig.
7), the degradation efficiency of the photocatalysts decreased, but af
ter 80nm particle size, the degradation values began to increase again
for the samples obtained at 150 °C
• The samples obtained at 120 °C did not show the changes in the trend
as it was in the case of the samples obtained at 150 °C.
These two observations pointed out that some structural changes
may occur in the samples obtained at 150 °C, which showed high (not
the highest) activity at high primary crystallite size values.
Fig. 8 shows the experimental data between the band gap energy
values (in eV) with the degradation efficiency (% deg.). Although, a de-
crease in the band gap values was observed with the addition of MW-
CNTs, it did not contribute to the enhancement of photocatalytic ac-
tivity, fact already observed in the case of titania photocatalyst doped
with nitrogen [72]. BiOBr prepared at 120 °C at 6:30 and 4:30h had
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Fig. 6. Photocatalytic degradation of phenol by selected samples under visible light irradiation.
Fig. 7. Correlation between the primary crystallite size (nm) with the degradation effi-
ciency (% deg.) of phenol under visible light irradiation.
Eg =2.84eV with the highest photodegradation efficiency of 40% and
42%, respectively, while the lowest band gap value (Eg) of 2.41eV was
obtained for the composite containing 0.5% MWCNT with low pho-
todegradation efficiency of 26% achieved.
However, this fact is very well supported from the data obtained
from the first derivative DRS. As the amount of
Bi6O6(OH)3(NO3)3·1.5H2O increases (from 1.52% to 8.23%) so does
the band-gap of the catalyst and with it the visible light driven phe-
nol photodegradation. It should be remembered that those materials
which had the lower carbon nanotube content were the ones with
the high Bi6O6(OH)3(NO3)3·1.5H2O content. As the nanotube content
increased the formation of BiOBr was favored instead of
Bi6O6(OH)3(NO3)3·1.5H2O.
Not just the presence of a specific compound would influence the
activity. As these are shape-tailored materials the crystal orientation
could also show the origin of the activity. That is why all the important
Fig. 8. Correlation between the band gap values (eV) with the photocatalytic degradation
of phenol under visible light irradiation.
diffraction peaks were indexed. One significant correlation was ob-
served, that of facet (003). In the literature (120), (110) and (102) are
among the facets found responsible for the photoactivity. This was not
the case here. The presence of (003) inhibited the activity of the sam-
ples until the ratio of (0.075), after that a constant increase of activity
with the presence of (003) was noticed. In Fig. 9 subseries values were
denoted with different colors, which show that except for sample series
without CNT all the others aligned perfectly with the beneficial effect
of (003). The highest amount of MWCNT (2%) showed the lowest (003)
presence, emphasizing again, the effect of crystallization promoter agent
of MWCNT, while the other MWCNT concentration values produced
higher amount of the desired crystallographic plane. Furthermore, the
two samples with very low (003) crystallographic ratio which were very
active contained in the highest amount of Bi6O6(OH)3(NO3)3·1.5H2O,
which is why they are not part of the increasing activity trend in func-
tion of the presence of (003).
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Fig. 9. Correlation between (003)/(102) crystallographic planes' ratio with the photocat-
alytic degradation of phenol under visible light irradiation.
3.5. Stability and photoactivity of the samples
In all the cases the question of stability arises, as always. To ver-
ify the stability and reusability of the investigated materials were tested
under the conditions mentioned in the experimental section. The first
step was to check the COD and TOC removal rate of the best performing
material in order to verify if a constant decrease is visible or not. Sur-
prisingly the mentioned values did not change at all (Fig. S1), suggest-
ing that during the degradation an inhibition mechanism or a poisoning
process was underway, which did not permit the total mineralization of
phenol.
As shown in the previous sections the obtained photocatalysts
showed specific morphology, thus the next experiment was to verify
the morphological stability after 3 successive photocatalytic runs of the
best 3 samples for phenol degradation under the same conditions. At the
first glance, no changes were observed in the SEM micrographs (Fig.
10), meaning that the same plate-like morphology was obtained. Conse-
quently, the concentration evolution of phenol was evaluated during the
3 photodegradation cycles (Fig. 11). It was found that the photoactivity
of all the tested samples was lowered after each test. The overall activity
loss was around 50% and in one case activity regain was also observed
(sample BiOBr+1%CNT@150_4:30). The latter observations are rather
interesting and further investigations are needed to clarify this issue.
If no changes were observed in the morphology, the only explana-
tion must lie in the crystal structure of the samples. The XRD patterns
(Fig. 12) of the studied samples showed significant changes. First, the
Bi6O6(OH)3(NO3)3·1.5H2O related diffraction peaks totally disappeared,
only the signals of BiOBr remained, emphasizing the recrystallization
hypothesis mentioned at the beginning of this section. The (001) crys-
tallographic plane did not give any signals in the reused material, point-
ing out a morphology preservation but total recrystallization, which was
supported by the lower crystallinity grades and primary crystallite size
values (a lowering of almost 50% in size, achieving values between 10.2
and 24.5nm). Moreover, the important (003) crystallographic plane dis-
appeared in all the samples (except for BiOBr+1%CNT@150_4:30, but
also here its ratio was quite low). However, in the exception sample was
registered the only activity increase which is a new and direct evidence
that the formation of (003) is beneficial.
4. Conclusion
The BiOBr samples obtained using different crystallization parame-
ters and in the presence of MWCNT showed interesting results. The
growth of Bi6O6(OH)3(NO3)3·1.5H2O was observed, which was interme-
diate product, which decreases as the crystallization parameters are fa-
voring further recrystallization processes, to achieve higher crystallinity
(high MWCNT content, longer hydrothermal crystallization duration
Fig. 10. SEM micrographs of the samples before and after the stability tests. (a), (b), (c) represents samples BiOBr+0%CNT@120_4:30, BiOBr+0.5%CNT@150_6:30,
BiOBr+1%CNT@150_4:30 respectively, before the stability test and (d), (e), (f) represents BiOBr+0%CNT@120_4:30, BiOBr+0.5%CNT@150_6:30, BiOBr+1%CNT@150_4:30 respec-
tively, after the stability test.
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Fig. 11. Photocatalytic reusability tests (3cycles) of the samples BiOBr+0%CNT@120_4:30, BiOBr+0.5%CNT@150_6:30 and BiOBr+1%CNT@150_4:30.
and higher temperature). This intermediate compound proved to be an
efficient component in enhancing the photoactivity, although its ex-
act functioning mechanism needs to be discovered. Also, the presence
of Bi6O6(OH)3(NO3)3·1.5H2O influenced the band-gap value, causing a
blue-shift, while enhancing the photoactivity. The morphology of the
particles was plate-like and in some cases where MWCNTs were used,
also nanoparticle covered tubes were obtained. The photoactivity of the
samples proved to be dependent also on the crystallite size, showing that
also at higher primary particle size values, high activity can be achieved.
The orientation of the crystals proved to be again a key factor, but a not
yet reported (003) facet was responsible in enhancing the overall pho-
toactivity. Furthermore, the above investigated samples showed poor
stability, due to morpho-structural changes during irradiation.
Supplementary data to this article can be found online at https://doi.
org/10.1016/j.apsusc.2019.143536.
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Fig. 12. XRD of the samples before and after the stability tests, showing a change in the
crystal orientation, which was concomitant with a decrease in crystallinity grade as well.
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